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Abstract 
Tianjin Binhai New Area (TBNA) was one of the fastest developing regions in the world. The Wetlands of this area 
have changed dramatically both in quality and quantity due to the land-based urbanization and industrialization in 
the last 30 years. The relationship between evolution of land use policies and change of the wetlands was explored 
in present study. Before the year of 1986, the ownership and use rights of land were separated legally for meeting 
the need of attracting the foreign investment. The wetlands near the “Tianjin Economic-Technological Development 
Area” were lost. From the year 1987 to 1994, the constitution was amended and land users were allowed to let, 
transfer, rent and mortgage land use rights. The trend of urbanization was appearing and wetlands around the central 
city (Tanggu) diminished gradually. From the year 1994 to 2004, the old industrial corporation moved for the 
TBAN from the center of Tianjin city under the policy of “Land Replacement”. Although large wetlands were 
protected by national nature reserve area, most of small patches of wetland were transformed into construction land. 
From the year 2004 to 2008, local government was authorized more flexibility to regulate the land supply for 
upgrading “National Economic Zone” of TBNA. Large scale of intertidal flat was reclaimed for port and industrial 
use. The results showed land use policies had a substantial effect on wetlands. The reasonable land use policy was 
needed for balancing the economic growth with wetlands protection. 
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1. Introduction 
Wetlands are among the most productive, valuable, and yet most threatened ecosystems in the world [1]. They 
provide many important services for human society, such as water and nutrients regulation, food and refuge for fish 
and birds [2-4]. In the past century, wetlands were experiencing intense destruction for natural and anthropogenic 
reasons all around the world [5, 6]. Issues related to wetlands degradation, management, restoration have attracted 
much attention among a wide variety of researchers both on natural and social sciences.  
China is one of the countries with richest wetland resources in the world. The total wetland area of China was 
more than 65 million ha, accounting for ten percents of wetland of the world in 2000 [7]. As most of areas of the 
world, natural wetlands of China suffered tremendous loss (23.0% of freshwater swamps, 16.1% of lakes, 15.3% of 
rivers and 51.2% of costal wetlands) over the past 60 years [8]. According to the former studies, the main threats 
associated with wetlands health were land reclamation, over-exploitation of bio-resources, pollution, exploitation of 
water resources and hydro-engineering, siltation, coastal erosion, urban development and tourism [7]. However, the 
social policies which lead to such changes were rarely concerned. It is difficult for the decision-makers to get 
sufficient information from such scientific results. Wetlands are part of a continuous landscape that grades from wet 
to dry in ecology. It is also one of the classifications of land use/cover types in land use management. The change of 
the land use policies has direct effect on quantities and qualities of wetlands.  
Tianjin Binhai New Area (TBNA) in the eastern part of Tianjin is one of the fastest developing regions in the 
world. It is the third economic engine after Shenzhen and Shanghai's Pudong [9]. The coastal wetlands of TBNA are 
part of Bohai Sea Saline Meadow. In addition to the local ecological service, they also provide feeding and resting 
place for millions of migrating shorebirds [10]. In past 30 years, the conflict between wetlands conservation and 
economic development was intensifying in TBAN. Even there was small change of hydrological condition, the 
wetlands was disappearing significantly. 
In present study, we use Geographic Information System (GIS) techniques and field survey to determine the 
relationship between wetlands change and the evolution of land use policies within the study area. The three primary 
objectives of the study were: (1) to determine the extent of local changes in wetlands from 1978 to 2008; (2) to 
determine the effect of land use policies on wetlands; (3) to make some preliminary land use policy 
recommendations to ensure the conservation of important wetlands. 
2. Materials and Methods 
2.1. Study Area 
TBNA is located in the downstream of the Haihe River basin (38°40′-39°00′ E, 117°20′-118°00′ N), the west 
coast of Bohai Bay. It is one of the district of Tianjin city which is the third largest city of China, with a population 
of 2.02 million, an area of 2,270 km2 and a coastline of 153 km (Fig. 1). The topography of the area is characterized 
by a plain. Elevation ranges from 0 to 5 m, with an average of about 3m. In the history, Haihe River was the only 
outlet of the Haihe River basin. However, the ability of flood discharge of Haihe River is smaller than each of its 
five main branches. The regular overflow of flood water and lower elevation of Haihe River plain make the large 
area of wetlands in TBAN [11]. 
2.2. Data Collection and Preparation 
The data used to estimate wetlands changes were extracted from remote sensing images and the present land use 
map. Cloud-free satellite images in 1979 (Landsat MSS), 1984 ((Landsat MSS), 1995 (TM) and 2008 (ETM) were 
used to derive thematic land use maps. The Present Land Use Map of 2004 (1:16000) was gained from local land 
management department. The paper maps were firstly scanned to raster maps and then vectorized into vector 
graphics with digitization software (ARCGIS 9.1). The images were geometrically corrected and geocoded to the 
Transverse Mercator Projection, using topographic maps of 1:10,000. Approximately 30 evenly distributed ground 
control points were selected from each image. These were used to spatially resample the images, using a nearest 
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neighbor algorithm, which selects the value of the pixel in the input image closest to the computed coordinate. The 
land use policies were collected from Land Resource Management Bureaus of Tianjin and Tianjin library. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                   
Fig. 1 Location of study area 
Land Use Classification 
2.3. Land Use Classification 
In order to describe the transition of the wetlands precisely, the wetlands were classified as water, salt field and 
saline meadow. Therefore, land use/cover classes were distinguished using the classification scheme in Table 1. 
Land use types were determined by a combination of supervised classification and manual interpretation of satellite 
images, supplemented with secondary information on geomorphology, historical vegetation maps, and ground truth 
data [12]. We used both ERDAS Imagine 9.0 and ARCGIS9.0 integrates the data using standard GIS features. Due 
to the different resolutions of remotely sensed images (MSS, 7h79 m; TM, 3h30 m), all results of classification 
were resampled at 8h80 m for further analysis. 
Table 1. Land use/Cover classification scheme 
Land use/cover class Description 
Cultivated land Arable land including paddy field and dry farmland 
Forestland Nature and artificial forest 
Construction land Land for resident, industries, commerce and roads 
Water Reservoirs, Rivers and inland waters 
Salt field Salt ponds for salt production and aquiculture 
Saline meadow Grasses and sedges adapted to regular saltwater flooding 
2.4. Land Use Conversion 
The landscape areas for different land use types were calculated. For determination the landscape changes for 
different years, the cross-tabulation matrix method [13] was used to study the conversion among land use types. 
Because of the land reclamation from the sea, the TBNA′s land increase was still ongoing. Therefore, the data of 
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total land area used for cross-tabulation matrix was based on the maps of 1994. The cross-tabulation analysis was 
conducted in ERSI ARCGIS9.0. 
The effect of land use policies on wetlands was analyzed by comparison of conversion among land use types and 
changes of land use policies. 
3. Results 
3.1. Land Use Change 
The water area showed a declining trend in this stage. On the average, 246.8 ha of water was lost per year from 
1979 to 1984, followed by 311 ha /year from 1984 to 1995, 393.7 ha /year from 1995 to 2004 and 698 ha/year from 
2004 to 2008. The water area showed an accelerated trend of loss during the study period. According to the cross-
tabulation (Table 3), water was converted primarily to construction land and saline meadow. Rivers and large 
patches of water such as reservoirs and lakes remained relatively stable. However, most of the small inland ponds 
were disappearing (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Land use/cover of TBNA in 1979, 1984, 1995, 2004 and 2008  
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The saline meadow represents the transition from a salt marsh community to an upland community. The saline 
meadow showed a great increase and from 1979 to 2004 (Table 2). The area of saline meadow turned to an opposite 
direction and decreased nearly 10000 ha from 2004 to 2008.  
With long history of salt production, TBNA is the most famous sea salt production base in China. Salt field is the 
main type of landscape in the history. A quarter of land area of TBNA was salt field in 1979. The area of salt field 
was continuously declining from 1979 to 2008. However, sixty percents of salt field was lost from 2004 to 2008 
(Table 2). 
Table 2 Landscape area (ha) in 5 years studied 
 Cultivated land Construction land Forest land Saline meadow Salt field Water 
1979 78053 32528 7825 10155 56200 42239 
1984 77692 33073 6913 11171 57146 41005 
1995 72796 36341 8816 25454 46008 37585 
2004 61157 52161 (51037)* 9054 28513 43197 34042 
2008 46059 110504 (100039)* 8582 18219 22851 31250 
z The figures between brackets were the areas of construction land based on the maps of 1994. 
 
Forest land was the smallest landscape element (less than 5%) of the TBNA. The area of forest land remained 
relatively stable due to the high salinity of the soil. Cultivated land and construction land being the two most 
important components in TBNA. Cultivated land showed a trend of declining around the study period. Nearly 41% 
cultivated land was converted into other use from 1979 to 2008. The construction land increased more than 2 times 
from 32528 ha in 1984 to 110504 ha in 2008. The area of construction land gain mirrored that of water, salt field 
and cultivated land loss, which showed that the increasing area of construction land came from destruction of 
wetlands and cultivated land (Table 3).   
Table 3 Cross-tabulation of landscape change from 1979 to 2008 (ha) 
 Water Cultivated land Construction land 
Forest 
land Salt field Saline meadow Sum Gain 
Water 24530 589 267 160 3684 2020 31250 6720 
Cultivated land 450 45524 0 7 0 78 46059 535 
Construction land 16040 29510 28617 83 21832 3957 100039 71422 
Forest land 140 1155 0 6814 458 15 8582 1768 
Salt field 196 96 60 133 22119 246 22850 731 
Saline meadow 882 1179 3584 628 8107 3839 18219 14380 
Sum 42239 78053 32528 7825 56200 10155   
Loss 17709 32529 3911 1011 34081 6316   
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3.2. Evolution of Land Use Policies 
Before the year of 1978, all the land of TBNA was publicly (state or collectivity) owned. As most area of China, 
urban land was state-owned whereas farmland was collectively owned with a few exceptions [14]. The state owned 
all urban land and allocated it to enterprises free of charge. Collectively owned land should be converted to state 
owned land before with little compensation before it was transformed into non-agriculture use. Land was not 
considered a commodity and the constitution banned any land transactions [15]. 
The land use policies were changed gradually for meeting the need of “reform and opening-up” policy in 1979. In 
the early 1980s, the land use right and land ownership was separated legally. The government allowed foreign 
investors to lease land use right for ascertain period of time in special economic development area [16].  
The old land use policies became an obstruction for economy growth with the development of the foreign and 
private enterprises. In 1988, the constitution was amended and the right of land use could be transferred in 
accordance with the relevant legislation [16]. Land market was established gradually after the year of 1988. 
In 1994, TBNA was founded and become a new economic district of Tianjin. For supporting the development of 
TBNA and solve the pollution of the central city, government of Tianjin city took the strategy of “Moving to the 
East”. The industrial corporations who moved to the TBNA could get large area of land with the charge of their 
original land in central city under the policy of land replacement.   
In 2005, TBAN was upgraded to national economic zone and become the country's third economic engine. 
TBNA was authorized more flexibility to regulate the land supply. The local government converted large area of 
collectively owned land to the state owned land under the plan of industrial function zones. In addition, the 
restriction of land reclamation has been loosening. 
4. Discussion 
A decrease in wetlands, cultivated land and increases in construction land were the main characteristics of land 
use change in the study area. According to the former studies, the main threats associated with wetlands health of 
TBNA were hydro-engineering, exploitation of water resources, urban development and reclamation in last 60 years 
[17, 18]. From 1950s to middle of the 1970s, dozens of large and medium reservoirs and a series of artificial canal 
were built and dug to prevent from the flood and meet the irrigation consumption in the Haihe River basin. The 
reservoirs and canal thoroughly changed the hydrological condition of the Haihe River basin. The average water 
flux of downstream of Haihe River decreased 90% in 1980s than that in 1950s [11]. Change of hydrological 
conditions and over exploitation of water resources were the main reasons of wetlands degradation in this period. 
However, the hydrological conditions were keeping a relatively stable status from middle of the 1970s to 2010. The 
evolution of land use policies led by social development would be the direct reasons for wetlands degradation. 
From the results of present study, we found a closely relationship between landscape change and evolution of 
land use policies. 
From 1979 to 1984, the land use right and land ownership was separated legally. However, the land transactions 
were still banned by the constitution. As the restriction of the infrastructure and nature resource, the effect of land 
use policy on wetlands was limited in adjacent rural area of Tanggu (central city of TBAN) and rural area of 
northern TBNA where parts of cultivated land and abandoned salt field were transformed into ponds to develop 
aquiculture. After 1988, the land use could be transferred in accordance with the relevant legislation. Large area of 
salt fields near the Tanggu was transformed into construction land for the Tianjin Economic-Technological 
Development Area. In this period, the area of saline meadow increased dramatically for the large area of discarded 
alkaline cultivated land and dry ponds. Generally, the effect of land use policy on wetlands was small due to the 
relatively small scale of economy from 1979 to 1995. 
From 1995 to 2004, the TBAN was undergoing a faster developing era. The old industrial corporations were 
encouraged to move for the TBAN from the center of Tianjin city. The cultivated land, water and salt field along the 
main roads between TBNA and centre city were transformed into construction land for immigration enterprise. 
Dozens of small wetlands and salt fields were lost at this period. Fortunately, the important ecological value of 
wetlands was introduced to the coast management plan of the local government. Large wetlands of the TBAN were 
named as national nature reserve area. That was the reason why the area of nature water remained relatively stable in 
this period. 
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Since 2005, China has embarked on a development plan to upgrade the TBNA as the national strategy. As the 
national comprehensive reform pilot area approved by the central government, TBNA was authorized to try and 
execute the major reform and opening-up measures in advance. Reform of land use policies was attracted much 
attention. The local government was authorized to requisition the collectively owned land with suitable 
compensation including jobs, apartment and social assurance. The farmers in rural areas lost their land and became 
the residents of a city. Except for nature reserve area, wetlands were regarded as the unused land resource and 
transformed into construction land. In addition, large scale of intertidal flat was reclaimed for port and industrial use 
as what happened in Japan, Singapore and Hong Kong in the last several decades [19]. From 2004 to 2008, the area 
of TBNA increased over 10000 ha by the land reclamation (Table 2). 
As mentioned above, the evolution of land use policies directed resulted in loss and degradation of the wetlands. 
However, the need of social development propelled the reform of the land use policies.  Although the important 
ecological value of wetlands was considered by the local government, the protection of wetlands was not regarded 
as a real goal of social management. Economy development was still the primary target of the TBNA. 
5. Conclusion 
We compiled and analyzed remotely sensed images and evolution of land use policies for determining the effect 
of land use policies on wetlands in TBNA for last 30 years. Our results showed a reform of land use policies had 
caused tremendous loss of wetlands in TBNA.  
The major constraint to the effective management and protection of wetlands in TBNA was a lack of real 
understanding of important ecological service of wetlands. It is not enough to conserve the precious wetlands 
resource under the present land use policies and development strategy.  
To management and conservation of wetlands, future efforts on land use police should focus in:  
z Modifying the land classification system of national land management law and replacing the unused land 
for ecological land; 
z Establishing requisition-compensation balance regulation for ensuring the area of wetlands; 
z Developing land use policies for encouraging wetlands restoration; 
z Taking wetlands conservation as one of the important goals for land use management. 
There is certainly no single best strategy for addressing the loss and degradation of wetlands. A comprehensive 
Wetland Protection and Management Plan including policies, technologies, financial support and public 
participation were needed in TBNA. 
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